cells in the gastrointestinal tract may also have important local or hormonal influence on nutrient entry. The site or sites at which somatostatin exerts its influence on the entry of ingested nutrients have not been identified, but its many inhibitory actions on rate-limiting gastric, intestinal, and pancreatic functions (13), suggest that any one or more of these loci may be involved.
Unger, in Methods of Hormone Radioimmunoassay, B. M. Jaffe and H. R. Behrman, Eds. (Academic Press, New York, 1974) ; R. M. Wilson and G. Boden, Endocrinology 102, 859 (1978) . 15 . V. Schusdziarra, V. Harris, A. Arimura, R. H. Unger, Endocrinology 102, 1705 (1979 . 16 . This work was supported by Veterans Administration institutional research support grant 549-8000-01; NIH grant AM 02700-16, and contract NO1-AM-62219; CIBA/Geigy Corporation, Sum- (1) . His Golgi material displayed two fundamentally distinct laminar distributions of terminal arborizations: the "specific," which is densely aggregated in cortical layers III and IV, and the "unspecific," which is sparsely distributed throughout all cortical layers but appears predominantly in layers I and VI. Subsequent electrophysiological evidence (2) buttressed the consensus (2, 3) that within the thalamus there are (i) a layer IV projection system including the "'specific" sensory relay nuclei and (ii) a "'nonspecific" layer I projection system epitomized by the intralaminar nuclei but also including a number of adjacent nuclei (4).
In the three decades that followed the initial categorization of thalamic nuclei into specific and nonspecific domains, very little anatomical evidence has supported the dual thalamic projection system concept. Anterograde fiber-tracing data have shown the existence of the specific projection to layers III and IV 0036-8075/80/0201-0532$00.50/0 Copyright 1980 AAAS arising from several thalamic nuclei (5) but have largely failed to support (6) the contention that the intralaminar nuclei have projections terminating in layer I (3) . Instead, layer I projections have been found to arise from a posterior site termed the "central intralaminar nucleus" in the hedgehog and the opossum thalamus (7) , from the magnocellular medial geniculate nucleus in both the rat and the monkey (8) , and from the ventromedial nucleus in the rat (9) .
The autoradiographic studies reported here were designed to examine the cortical projections of individual thalamic nuclei in the rat. The first goal was to determine the laminar distributions of nuclei representing specific and nonspecific domains. After stereotaxic injections of tritiated amino acids into thalamic loci, the animals were allowed to survive for periods of either I day or 10 to 12 days. Their brains, perfused in formalin (10 percent in 0.9 percent saline), were sectioned and processed according to usual autoradiographic procedures (9, 10 marker to cell bodies contained within individual nuclei required iontophoretic delivery (9) . Long postoperative survival times (approximately 10 days) and long exposure of the brain sections to the emulsion (1 to 7 months) facilitated the visualization of projections, especially of sparse fibers arising from the intralaminar nuclei. Neurons incorporating and transporting the marker within their axons were determined by microscopic analysis to be those within an area of dense silver grains in the emulsion overlying the sections. (The sections had been exposed to the emulsion in the dark at -12°C for 5 to 7 months.) The regions of uptake aQ4d transport were in part determined by § comparing projections arising from adjacent regions injected in several animt} ¶s. Of more than 120 cases of small thalamic isotope injections, the ones illustrated in Fig. 1 epitomize each class in terms of successful restriction of isotope to the nucleus in question and the best representation of its projections.
Instead of a dual thalamic projection system, the autoradiography sh-ows four distinct categories of cortical afferent lamination. Category 1 contains the terminations of the ventroposterior, medial geniculate, lateral geniculate, and mediodorsal cell groups (11). The projections in this class are aimed predominantly at the middle cortical layers, which typically include all of layer IV and the deep part of layer III. Termination in layer I, when present, is marked by sparse grains that are much less dense than those in layer III or layer IV. Rostral cortical areas lack a granular layer IV, and here the mediodorsal and gelatinosus nuclei project most densely to layer III and also, although with moderate density, to layer I.
The ventroposterior nucleus has a cortical projection that terminates heavily in the layer IV granule cell aggregates of the primary somatosensory area (12) Category 2 comprises terminations confined to layers VI and V from the intralaminar nuclei, including the parafascicular nucleus. This group issues sparse but widespread neocortical projections, the bulk of which terminate in I FEBRUARY 1980 infragranular layers deep to layer IV (Fig. 1f) . Amino acid injected into the rostral portion of the central medial nucleus labels projections aimed at layers VI and, to a lesser degree, layer V of virtually all cortical areas. The central lateral and paracentral nuclei (Fig. 2a) project to deep layers of more limited cortical extent. The parafascicular nucleus projects only to layer VI of the motor area. Where sparse fibers extend as far as layer I, the density is far less than that observed in the infragranular layers.
Categories 3 and 4 are typified by dense projections terminating in layer I. The source nuclei include the ventral anterolateral, lateral dorsal, ventromedial, reuniens, posterior, lateral posterior, and magnocellular medial geniculate nuclei. Most of these are located adjacent to the intralaminar nuclei, and their proximity probably accounts in part for the long-standing popular belief that the intralaminar nuclei project to layer I (3).
However, the small injections used in this study unequivocally show that when isotope is confined to the intralaminar nuclei (Fig. 2a) , sparse fibers are found in layer I, but when it is placed just 500 ,am laterally, a heavy layer I projection is labeled. Within the category of projections to layer I is the ventromedial nucleus, the projection of which is directed nearly exclusively to the outer half of layer I of almost the entire neocortex (9) . The magnocellular medial geniculate region projects to layer I of the auditory areas of the cortex, but shows accumulations of grains in deeper layers suggesting additional termination there.
The remaining layer I-projecting cell groups may be considered as a distinct class because they have in common definite additional termination in layers whose locus and density in each instance depend on the cortical area in which they (13) . Isotope confined to the lateral posterior nucleus (Fig. 2b) (14) . The lateral dorsal nucleus projects to layer I of the granular area and to layers I and III of the agranular retrosplenial area.
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The thalamic nuclei and their projections, placed in four categories in Fig. 2 , have parallels in ontogeny and phylogeny, and the organizational scheme suggests new considerations for electrophysiology and principles of convergent cortical projections. The observations that the intralaminar nuclei may constitute the paleothalamic or "cephalic reticular" core (15) show an interesting correspondence with the facts that (i) these nuclei project predominantly to the striatum (6, 16) , the most rostral end of the brain of lower vertebrates (17), and (ii) their laminar termination in the cortex is within the deep layers, which, in ontogeny, are the first to develop (18). The thalamic nuclei situated most laterally are the origins of Lorente de No's specific projection system. Projections in this category terminate within the middle cortical layers, traditionally considered to be the major cortical input zone (1) . The cells in layer IV provide by short intracortical connections a complex, sequential, local processing mechanism (19) that is bypassed by thalamic inputs terminating in other cortical layers. Interposed between the intralaminar (deepprojecting) and specific (middle-projecting) groups are the superficial (layer I) projecting nuclei, including those categorized here as having area-dependent lamination. The superficial projections spread widely over multiple cortical areas; by their termination on the distal ends of pyramidal cell apical dendrites (1), they might be assumed to have a subtle, universal effect on pyramidal cell excitability in the underlying cortical layers. If these nuclei are the ones that modulate cortical neural activity in the fashion described as the recruiting response (2, 9) , the intralaminar nuclei can be freed from this previously assigned functional role and reconsidered as candidates for different modes of influence on cortical neurons.
Considered as a proportion of thalamic volume, the cell groups projecting to layer I in the rat constitute a sizable fraction (Fig. 2) The prevalence of hyperkinesis and learning disabilities among children, and the fact that therapy with stimulant drugs is not entirely satisfactory (1) have made the search for alternative forms of treatment for these problems an important issue. Several years ago, Feingold (2) reported that removal of synthetic food colors and other ingredients from the diet of hyperactive children could dramatically eliminate the symptoms in about half of them. The impressive results reported by advocates of this treatment have been evaluated by many groups with the general finding that open studies support Feingold's contentions, whereas closed clinical trials and blind challenge studies have been essentially negative (3) . Little attention has been given to animal or biochemical studies that might define possible mechanisms underlying the proposed behavioral toxicity of the food dyes. The difficulty in selecting a suitable model for study has been one reason for neglecting this area of research.
Recently, Logan and Swanson (4) Lafferman and Silbergeld (5), can be essentially confirmed or refuted depending on the experimental conditions chosen. We also report on behavioral studies in .cific Biochemical Action: .rats that suggest that high doses of erythrosine are active in a paradigm also sensitive to drugs that alter hyperkinetic behavior in children (6) . the ability of erythrosine to inhibit
In our initial experiments (7) we failed ations is dependent on the concen-to confirm the finding reported by others thefinding that erythrosine inhib- (4, 5) We found that one of the conditions, the concentration of synaptosomal protein present in the incubation medium, influenced significantly the calculated potency of erythrosine as an inhibitor of catecholamine uptake into synaptosomes obtained from all brain areas studied. This is illustrated in Fig. 1 , which is a graphical presentation after the sugges- of dopamine uptake is not directly pro-
